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PART I

Studies on Isoniazid Inactivation in Monkies

INTRODUCTION

It was established by us beyond question that the inactivation of

isoniazid in humans wss a genetic trait and there was not only individual

but also racial difference. The frequency distribution curve of the
biologically active isoniazid serum levels 6 hours after the oral
administration of 4 mg/kg of body weight of isoniazid is trimodal, cor-

reapnnding tp the three phenotypes of isoniazid metabolism--rapii,
inteimediate and slow inactivators. Or. the other hand, we observed in
vitro that there was very remarkable species and drug differences in
the acet lation of isoniazid, sulfonamide and PABA by the liver homo-
genate o various kinds of animals, and the most active site of
acetylation was the liver.

The purpose of the present research is to examine the correlation
between the blood concentration and the capacity of tissue to acetylate
iscriazid using Cynomoldus monkies as animals of experiment.

METHODS & MATERIALS

The blood lev"1. of the biologically active isoniazid was measured by
the vertical diffusion method, and the capacity of acetylation of the
tissue homogenate by Short's method as indicated in our previous reports.
The Cynomoldus monkies (Macaca irus) imported from Malaya, Cambodia and
Viet Nam were used in the following experiments.

4"
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RESULTS

Fig, 1. 2 & indicate the relationship between 4 and 6 hour levels
of the biologically active isoniazid plasma levels after the test doses
of 4 mg/kg, 8 mg/kg or 16 mg/kg of isoniazid. F demonstrate
the frequency distribution curve of the values. If we take the concen-
tration 4 hours after 4 mg/kg of INH or 6 hours after 8 mg/kg of INH, we
have bimodal curves but it seems difficult to establish a trimodality
as in the case of tUe humans. There is no marked difference in the
inactivation of isoniazid among the monkies imported from three dif-
ferent countries as indicated in Fig. A. In Fi. -6 is shown the
acetylating capacity of isoniazid of the liver, kidney and spleen of
the monkies. Also in the case of monkies, the liver is the most
actire organ concerning isoniazid inactivation. The kidney and spleen
show sometimes the activity to a certain degree. It remains obscure
whether there is any difference in acetylating capacity among the monkies
from different districts also in the homogenate experiments or not.
Any close correlation was not established between the rate of acetylation
in the liver and the blood level 6 hours after the dose of 4 mg/kg of
body w•ight of isoniazid as shown in Fig. 7.

COIENT & SUMMARY

We have not been sLccessful to establish a trimodal distribution curve
of the biologically active isoniazid levels in monkies ur to now. The
curve was bimodal as far as the test dose and the time or blood collection
in the present study were concerned.

Also in the case of monkies, the liver was the most active site of
acetylation but the kidney and spleen had the capacity to a certain extenta
There was little correlation between acetylating activity of the liver
and 6 hour blood level after 4 mg/kg of IhH.

Further study on relationship between the rate of acetylation and
blood levels other than 6 hours after the dose of 6 mg/kg of isoniazid
is now in progress.

i
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4 hour level
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4 Fig. 1 Relationship between Blood Levels 4 and 6 hours after
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Fig. 2 Relationship between Blood Levels 4 and 6 hours after
Administration of 8 mg/kg of INH to Monkies
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Fig. 6 Frequency Distribution of Rate of Acetylation of Isoniazid in the
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S F?.i'T II

Preliminary Upepcrt on A !Ve Biochemical Method for Determining Total
and Free Isoniazid in Biological Fluid

Th T•ODUCTIO!Z

A number *f biocherIcr2l. methcds h.ve beezi published for determining
free isoniaz-d concentr;.tion in serum or urine (Short (I0), Hughes (3),
Hunter (4), Ziuthberton at ll. (2), Scett( Scarid (8), Poole and
Meyer (7), 4NAher et a'. (5), Belles and Littlemar (1), Peters (6), etc.).
Beinfr quite dIfficrit to have an accurate value for the concentration
below I mcg/-io by emjlcying the techniques above mentioned except the
Feter's method, we have used the vertical diffusion culture method--
a kind of bioassay methcd--for determininp the blood level in our
previous reyorts.

Recently a new biochemnica! method uhich enables us tc measare a
relativip y l-w concentraticn of free isoniazid has been develed in our
la.boratory.

1. Reagent and Vessel

a. Fig. 1 Extraction vessel

2. Quartitative Determination of Total UIH

a. Quentitative deterrination of total r-P: in urine

3. Quantitative Determination of Free 1hT

a. Qjartitative determination of free INH ir. aqueous solution
b. Csiantitative determinaticn cf freE 110-4 in serum
c. •uar-titative deternr_'nation of free !ITI in urine

9
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RESULTS

I. Calibraticn Curve

a. 2 Calibration curve of ITh in aqueous solution
b. Fir. 3 Calibration curvc of INH i.n serum
c. -PiR. Calibration curve of W.u in urine

2. Recovery

a. Table1 Recovery tests of I.Y in -aqueous solution
b. Tabe2 Recovery tests of UMH in aqueous solution, serum & urine
c. Tab.e Du2!icvition test

3 Compnrson between Bioassay and Chemical Assay

a. Table. G Compadson of chemical assay and biological assay of DIH
in aqueous -solution

b. Ta-bl e Comparison of chemical' assay -end biological assay of ITH
in serum

c. Table 6 Free INH concentration in serum after oral administration
of ]IF (4 ig/kg body weight)

4. Determination of IN Derivatives

a. -ig. 5 Determination cf free INH in aqueous solution of INH
and related substances by means of our method

b. FiZ. 6 Recovery of free IYh in aqueous eclution of different
kinds cf fi¶ derivatives

CCT1a-T & StiwMiQR

Although it is needless to say that more detailed critical exammination
is necessary to put it in practical use, our new method for determining
total and free LWH in biologic,l fluid (tanestate method) seems to be more
reliable -nd convenient then most of biochemical techniques published
hitherto. As the color -t the end reaction is indigo blue, it can be
quite easily distinguished. We are going to investigate in our future
study whether this method would be able to replace the bioassay method,
e,-ecially the vertical diffusion culture method.

i-c
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FROCEDURE

1.Reagent and Vessal

An extraction vessel with ground stoprer as inlicated in Fig. 1
was used.

Reagents used were as follows:sGround stopper11 (,ý!€ )20So4 (an-dous crysta) •
•~ 1-aH aq. solution

3) NILO-Hcl aq. solution3 Dichlorethan

5 Isoar~ylalcohol
-6) 5%-NaCN, aq. solution

7) F-tangstate reagent
(Brown's uric acid reagent,
Brown, H.J.: J. Biol. Chem.
158: 601, 1945)

8) 66% urea aq. solution

15 180 ~

Fig
SI

5 I .
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2. Quantitative Determination of Total INH
Quantitative Determination of Total 1T in Urine

SarTl. eBlk

Urine Water

a-terial 1.0 ii1

(NIH4 )2 so-- 1.5 gm

lN-4aOH 1.5 tA
P-chlorethan 7.0 irl
Isoariyalcohol 3.0 ml

Shake for 15. minutes
Centrifugation (1500 r.r.m-.) 5 rmnutes

U1Jppr layer (solvent layer) 5 mlI

SN/AC-HCl 5 ml
Shake for 15 minutes

Centrifugation (1500 r.r.m.) 5 minutes

U-rlayer (HI layer) 3ml

Place in a boiling water bath for one hour

Cool

Make uF to 15 ml with /AO-HCa (X)

(X) 1.5 i

5%-V.aCV 0.5 md
66% Urea 0.5 nl

Tangstate reagent 0.4 ml

Place for one hour at room temperature

Optical density of the Sample at 660 nw. was read
against the Blank.

12



3o Quantitative Determination of Free IDH

Quantitative Deternination of Free 1B Jr- Aqueous Solution

aq. solutien of IMI ___Water

ShIaterial 1. 6int

Cnrgt)2SO4 1 r m

JDichlorethan 7 ralSIsoar-qlalcchol 3 ml

Shake for 15 rdnutes
Centrifugation (1500 r.p.m.) 5 minutes

I It r lyer (solvent layer) 8 m

Y-Ao-HC1 ^4r

Shake for 15 rdnutes
Centrifugation (1500 r.p.m.) 5. rinutes

Uprer layer (HC1 layer) 1.5 mlI

5%-4;aCIN 0.5 nl

66% urea 0.5 nl
F-tangstate reagent 0.4 ml

Flace for one hour at room temperaturc

Optical density of the Sample at 660 rfdf. was
read against the Blank.

Al 13
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Quantitative Determination of Free IH1 in Serum

Samp e Blank,

Serum Water

Material i]

(F'H&4) 2 S04  1.2 gm

liN-4aOH 0.25 ml
Dichlorethan 7 ml
Isoa•ylalcohol 3 ml

Shake for 15 minutes
Centrifugation (15% r r.m.) 5 minutes

Upper layer (Solvent layer 8 mla

/TA0-HCI 2 ml

Shake for 15 minutes

Centrifugation (1500 r.p.m.) 5 minutes

[Upper layer (HCl layer) 1i5_ ml_

5%-YaCY 0.5 ml
66%-urea 0.5 ml
Tangstate reagent 0.4 ml

Place for one hour at room temperature

Optical density of the Sample at 660 mw was read
against the Blank.

1
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Quantitative Deterr'dnation of Free IWH in Urine

ISamp] IeKa

UrineWae

(PH4)2SO4 1.5 gn

IN-KaOH 0.5 nl
Dienlorethan 7 ml
Isoariylalcohol 3 il,

Shake for 15 minutes

Centrifugation (1500 rar.m.) 5 minutes

SUper layer (solvent laycr) 2 Mll

NAo-HCl 2

Shake for 15 minutes
Centrifugation (1500 r.p.m.) 5 minutes

Uprpe aer Nd.lae;r) 0.2 mIl

5%-NaCI+ 0.5 ml
66%-urea 0.5 ml
Tangstate reagent 0.4 ml
"Water 0.8 ril

Flace: for one hour at roor, temperature

Optical density of the Sample at 660 ma, was read
against the Blank.

15



RESULTS
L Calibration Curve

Optical density (-log T)

0.07

0.06

0.05

0.04 7
0.03

0.02

0.01 Determination method: Tangstate method

0 1.0 2.0 3.0 4.0
INH Concentration (mcg/ml)

Fig. 2 Calibration Curve of ITH in Aqueous Solution

Optical density (-log T)

0.06

0.05

0.04

0.03

0.02

0.01 Determination method: Tangstate method

0 .0 2'.0 3.0 4.0

INH Concentration (mcg/ml)
Fig. 3 Cal.ibration Curve of INH in Serum
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Optical density (-log T)
0.20.

0.1(

0.0-5

Determination method: Tangstate method

0 1: 0 3.0 4. C INi concentration

Fig. 4 Calibration Curve of INH in Urine
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2. Recovery

Table 1 Recovcry Tests of f331 in Aqueous Solution

3moaI/ 1 mog/mi 0. 5mg/I.

Dupli. to. 1 0.045 0.014 0.010
2 0.050 0.010 0.008
3 0.049 0.019 0.005
4 0.046 0.014 0.008
5 0.054 0.016 0.009

Mean 0.049 *0.0032 0.0146 :0.0029 0.008 *0.0017

Recovered 3.0 mcg/iml 0.9 mcglm1 0.5 mcg/ml
St. D. ±0.2 +O.18 ±0.11

Table 2 Recovery Tests of IVH in Aqeous Solution, Serum and Urine

INH Concentration 3 meg/ml
in aq. solution in serum in urine

Dur1i. No. 1 0.052 0.030 0.065
2 0.049 0.030 0m066
3 0.051 0.030 0.062

Mean 0.0507 0.030 0.0643

Recovered 3.08 mcg/mi 3.00. mcg/id

Table 3 Durlication Toot

Du;li. No. 1 0.011 .teria.l I mcg/mi in sorwi
2 C.009
3 0.cC9
S0.•011 Main 0.010 *,001
5 0.m 0
6 0.010 mcovere4 m2 /ld
7 0.109 St. D. 0.1
a 0.02

8 o~o!8
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* Comparison between Bioassay and Chemical issay

Table 4 Compariscn of Chemical Ass and Biological Assay of INN
in Aqueous Solution

DHIl concent. Chemical assay Biological assay
in aq. sol1. gfia DEO

3 n'mI 2.75 3.20
3.06 2.58
"3.0C 2.58
2.81 3.20
"3.30 2.41

Mean, St. d. 2.98 ±0.20 2.79 ±0.34

r YI/ml 0.87 1.09
0.63 1.09
1.17 1.09
"0.87 1.31
""0.98 0.94

Mean, St. d. 0.90 e-.18 1.11 £.12

0. 5m#j a OC, 6Y C. 62
"0.50 0.49
"0.32 0.49

"0 .63 0.44
0 56 0.44

Mean, St. d. 0.53 . C.' *0.07

-9
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Table 5 ,on-arison of Chenical Assay and F.iolcgical Assay of It:H in Serum

f%,l O-oncent. Choricrd assay Biologictl assay
in serum

(a) (b) (a)
3r 2.9c1 3. Crngc 2.58=9gmI
2 " 1.5 2.1 1.68
1 " 1.0 1.0 0.58

0.5 " 0.9 0.5 0.35
0.2 " 0.1 0.3 0.18

Chemical assay (a) and bioassay (a) were sinxultaneously determined.

Table 6 IYH concentration in serum after adninistration of INH (4 -mgig
of body weight)

Hour Chemican assay Biological assay
1 3.2 4'r• >3.2 mcg/mi
2 2.0 >3.2
3 0.9 2.41
4 0.8 1.04
5 o.7 0.65
6 0.5 0.42

20
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t. * '40-Ii-nation ct ili Derivatives

Concentrat. hn (mcwg/m) 36 '71 17 143 179 2i4 250 286
Extinction 0 0.1 C.2 S,3 C.4 0-5 C.6 0.7 C.8

Kind of sawple

Isoniazid I m4 aq. colution
(N w 137)

Acetyl fI1H I WM aq. solution C0

Acetyl IK.. 1 mM
Ii/IO HCU solution bo-led for 30'-=

Is cotin 1 nM 
-

Neois cotin. 1 mM

Vivonjiplene 1 nmb4

Iydronsan I mM

Nicotinamide 1 mM 0[1 1
Isonicotinic acid 1 AY, 0 Tangstate method

Nicotinic acid 1 mM 0
Naphthoquinon method

Fig. 5 Determination of Free INE in Aqueous Solution of INE and Related
Substances by Means of Our Method
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Kindi of Solubility Addition
material iwar fa0 C, 50 -100%

Isoniazid+- _ _ _ _ _ _

d-Glucose-isonicoti-. +
rnoyl hydrazone j j

Q(-Ketoglutarie acid
isoflicotinoy. +

b~vq' ra z.-:)n e pP-9.2)

Fyruvic acId. +
isonicotinoyl (pH 59.6)
hydrazone

ison-icotinoyl +
acetate

1Z~ Tangstate method

Earhthoquinor method

Fig., 6 Recovery of Free IIT.H in Aqueous Solution of Different Kinds
of RT.H Derivatives
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